is an R package developed to allow researchers to get access to and manipulate on a large set of statistical data on protein residue-level structural properties such as residue-level virtual bond lengths, virtual bond angles, and virtual torsion angles. A large set of highresolution protein structures are downloaded and surveyed. Their residue-level structural properties are calculated and documented. The statistical distributions and correlations of these properties can be queried and displayed. Tools are also provided for modeling and analyzing a given structure in terms of its residue-level structural properties. In particular, new tools for computing residue-level statistical potentials and displaying residue-level Ramachandran-like plots are developed for structural analysis and refinement. P.R.E.S.S. will be released in R as an open source software package, with a user-friendly GUI, accessible and executable by a public user in any R environment.
I. INTRODUCTION
The atomic level structural properties of proteins, such as bond lengths, bond angles, and torsion angles, have been well studied and understood based on either chemistry knowledge or statistical analysis [1] , [2] . For example, we have learned that the bond lengths and bond angles are relatively fixed for given types of bonds, and the torsion angles have preferences. The knowledge on these properties has been crucial for both theoretical and experimental approaches to protein modeling. Potential functions have been defined for bond lengths, bond angles, and torsion angles using their known or preferred values [3] . Energetically favourable structures can be obtained when an energy function that contains these potentials along with some other non-bond potentials is minimized [4] . In either NMR or Xray crystallography, these properties have been used to refine an initial experimental model, which may otherwise have little atomic details. In particular, in NMR, the experimental data is mainly for hydrogen-hydrogen interactions, which is insufficient for determining a structure if without the preexisting data on bond lengths and bond angles [5] . The correlations among these properties have been an important source of information as well. For example, a statistical analysis showed that the φ-ψ torsion angles around the two bonds of the C α atom in the backbones of the residues have a special correlation: When the φ angle is chosen for some value, the ψ angle has only a restricted range of choice, and vice versa. The information on this correlation has been employed in both experimental determination and theoretical prediction of protein structures [6] , [7] . The statistical distribution of the φ-ψ angles in known proteins has been depicted in a two-dimensional plane called the Ramachandran Plot named after the biophysicist G. N. Ramachandran who first did the statistical survey [8] . The Ramachandran Plot has been widely used for structure evaluation. By evaluating the φ-ψ angles for all the residues in a given protein structure and putting them in the Ramachandran Plot, one can tell whether or not the structure is well formed based on how many of the φ-ψ angle pairs are in the densest regions of the Plot. Structural properties similar to those described above can also be found at the residue level such as the distances between two neighboring residues; the angels formed by three residues in sequence; and the torsion angles of four residues in sequence. Proteins are often modelled in a reduced form, with residues considered as basic units. The residue distances and angles then become crucial for the description of the model, and they can be as important as those at the atomic level for structural determination, prediction, and evaluation. The knowledge on these distances and angles can also be used to define residue level potential functions so that potential energy minimization and dynamics simulation can be performed more effectively and efficiently at residue instead of atomic level, because the number of variables may be reduced in magnitudes and the time step may be increased [9] , [10] . However, the residue distances and angles have not been examined and documented in a similar scale as those at the atomic level. The reason is that they are not easy to measure directly; the physics for the interactions between residues is not as clear; and they are not as rigid as the bond lengths and bond angles, i.e., their values may vary in a wide range. While residue distances and angles are difficult to measure experimentally, they can be estimated statistically, based on their distributions in known protein structures. Such approaches have been used for extracting residue contact statistics starting in early 1980s [11] ; for developing residue level distance-based mean-force potentials [12] for refining X-ray crystallography determined structures [13] , [14] and for deriving distance and angle constraints and potentials for NMR structure refinement [15] , [16] , [17] , [18] . Several online databases have also been built for direct access to the statistical data on various types of distances or angles [19] , [20] . In our recent work [21] , we have downloaded a large number of high-resolution X-ray structures from PDB Data Bank [22] , and collected and analyzed several important residue-level structural properties including the distances between two neighboring residues; the angles formed by three residues in sequence; and the torsion angles of four residues in sequence. We call them, respectively, the residue level virtual bond lengths, virtual bond angles, and virtual torsion angles. We have examined the statistical distributions of these virtual bonds and virtual angles in known protein structures. In a four-residue sequence, there are two virtual bond angles and one torsion angle in between. We name them, according to their order in the sequence, the α-angle, τ -angle, and β-angle, where τ is the torsion angle (Fig. 1a) . In a five-residue sequence, there are three virtual bond angles and two torsion angles. We name them, according to their order in the sequence, the α-angle, τ 1 -angle, β-angle, τ 2 -angle, γ-angle, where τ 1 and τ 2 are torsion angles (Fig. 1b) . For these sequences, we have investigated the correlations among some of associated angles and in particular, the α-τ -β correlations for four-residue sequences and τ 1 -β-τ 2 correlations for five-residue sequences. We have shown that the distributions of residue distances and angles may vary with varying residue sequences, but in most cases, are concentrated in some high probability ranges, corresponding to their frequent occurrences in either α-helices or β-sheets in proteins. We have shown that between α and τ angles and τ and β angles, there exist strong correlations, which suggests that proteins follow certain rules to form their residue level angles as well, just like those for their atomic level φ-ψ angles. To the authors knowledge, these properties have not been discovered and documented before, but can be very valuable in applications [21] . In this paper, we describe a related piece of work with [21] on developing a software package called P.R.E.S.S. for direct access to the statistical data on the residue-level structural properties we have collected and analyzed. The software is developed in R [23] and will be released as an open source package, with a user-friendly GUI, accessible and executable by a public user in any R environment. With this software, the distributions and correlations of given types of residue distances or angles can all be retrieved and displayed. Tools are also provided in P.R.E.S.S. for modeling and analyzing a given structure in terms of its residue-level structural properties. In particular, tools for computing residue-level statistical potentials and displaying residue-level Ramachandran-like The α-τ 1 -β-τ 2 -γ angle quadruple in a five-residue sequence. The residues are assumed to be located at
plots are developed for structural analysis and refinement. We describe the organization of the software, the data source, the computational methods, and all the functional modules.
We provide examples to demonstrate the use of the software.
II. GRAPHICS INTERFACE AND FUNCTIONAL MODULE
In the R package there are two major components: the GUI (graphics user interface) and the computational unit. The GUI takes a query from the user and passes it to the computational unit. The computational unit has a collection of routines, responsible for various computational tasks. It retrieves the data from the databases in the back end, performs certain calculations, and returns the results to the GUI. The interface then displays the results. More specifically, the GUI shows a window of six functional panels (Fig. 2) , each accepting a specific type of queries: 1). Queries on virtual bond lengths for two residues. 2). Queries on virtual bond angles for three residues. 3). Queries on virtual torsion angles and ATA correlations (α-τ -β angle sequences) for four residues. 4. Queries on TAT correlations (α-τ 2 -β-τ 2 -γ angle sequences) for five residues. 5. Structural analysis and evaluation. 6. Help information. The computational unit has mainly the following routines:
• Routine for calculating the distribution of the virtual bond length (B) between a given pair of residues.
• Routine for calculating the distribution of the virtual bond angle (A) for a given sequence of three residues.
• Routine for calculating the distribution of the residuelevel 1-3-distance for a given sequence of three residues.
• Routine for calculating the distribution of the virtual torsion angle (T) for a given sequence of four residues.
• Routine for calculating the distribution of the residuelevel 1-4-distance for a given sequence of four residues.
• Routine for calculating the correlation between the residue-level 1-3-distance and the virtual bond angle for a given sequence of three residues. System organization and interface. The system has a GUI, which takes queries on distributions or correlations of residue-level distances or angles and passes them to the computational unit. The computational unit retrieves the data from the distance or angle databases documented from the structural database, and computes the requested distributions or correlations. The results are returned to the interface and displayed.
• Routine for calculating the correlation between the residue-level 1-4-distance and the virtual torsion angle for a given sequence of four residues.
• Routine for calculating the correlations of the α-τ -β (ATA) angle sequence on a given sequence of four residues.
• Routine for calculating the correlation of the α-τ 1 -β-τ 2 -γ (TAT) angle sequence on a given sequence of five residues. Figure 4 : Distribution of virtual bond lengths. This snapshot shows the distribution graph for the virtual bond lengths between ASN and MET. The users can not only move the slider to adjust the bin size of the histogram, but also switch between frequncy and density displays.
• Routine for evaluating the statistical potentials for the virtual bond lengths or the virtual bond angles for a given protein structure.
• Routine for evaluating the α-τ (AT) and τ -β (TB) angle pairs for a given protein structure and display them in α-τ (AT) and τ -β (TB) density distribution contour plots.
The overall system organization of P.R.E.S.S. is shown in Fig. 3 . We describe the data source and computational methods used in P.R.E.S.S. in the following section.
III. FUNCTIONAL MODULES

A. Distribution of Virtual Bond Lengths
One of functions of P.R.E.S.S. is to retrieve the virtual bond lengths for a given pair of residues and find the distribution of the particular bond length over a certain distance range. The found distribution can be displayed in a graph as shown in Fig. 4 . The residue pair to be searched for can be specified from a pull-down menu. Each residue can be a specific or any type. For the latter, any type is considered for that residue. The bin size of the distribution graph can be adjusted. The graph can be displayed to show either the frequency or density of the bond lengths.
B. Distribution of Virtual Bond Angles
One of functions of P.R.E.S.S. is to retrieve the virtual bond angles for a given sequence of three residues and find the distribution of the particular bond angle over a certain angle range. The found distribution can be displayed in a graph as shown in Fig. 5 . The residue triplet to be searched for can be specified from a pull-down menu. Each residue can be a specific or any type. For the latter, any type is considered for that residue. The bin size of the distribution graph can be adjusted. The graph can be displayed to show either the frequency or density of the bond angles. 
C. Angle-Distance Correlations
When the distribution of a virtual bond angle is queried, an option is available for displaying the correlation between the bond angle and the corresponding residue 1-3-distance. This correlation can be requested for any sequence of three residues, as shown in Fig. 6 .
D. Distribution of Virtual Torsion Angles
The virtual torsion angles for a given sequence of four residues can be retrieved. The distribution of the particular torsion angle can be displayed over a certain angle range. The residue quadruplet to be searched for can be specified from a pull-down menu. Each residue can be a specific or any type. For the latter, any type is considered for that residue. The bin size of the distribution graph can be adjusted. The graph can be displayed to show either the frequency or density of the torsion angles. The graph can be displayed along with the distributions of the neighboring virtual bond angles (α,β), as shown in Fig. 7 . The density distribution of the angle sequence α-τ -β can be displayed as a 3D plot in α-τ -β space, as shown Fig. 8 . The correlation between the virtual torsion angle and the corresponding Figure 7 : A matrix of scattered plots of the distributions and correlations of the virtual torsion angle and its two neighboring virtual bond angles. The plots show the distribution and correlation graphs for the virtual torsion angle and its two neighboring virtual bond angles for residues LYS, Any, ASN, Any. The matrix of plots is 3 by 3. The graph in each is defined as follows: Square(1,1) = distribution of virtual bond angle 1; Square(2,2) = distribution of the virtual torsion angle; Square(3,3) = distribution of virtual bond angle 2; Square(1,2) = correlation between virtual bond angle 1 and the virtual torsion angle; Square(1,3) = correlation between the bond angle 1 and virtual bond angle 2; Square(2,3) = correlation between the virtual torsion angle and virtual bond angle 2. Figure 8 : 3D scattered plot for the virtual torsion angle and its two neighboring virtual bond angles. This snapshot shows the density distribution of the α-τ -β angle triplets for residue sequence LYS, Any, ASN, and Any in the α-τ -β space. A lowess approximation to the distribution is also plotted. residue 1-4 distance for a given sequence of four residues can also be displayed.
E. Correlation of Virtual Torsion Angles
The angle sequence α-τ 1 -β-τ 2 -γ for a given sequence of five residues can be retrieved. The density distributions of the virtual bond angle β and its neighboring two virtual torsion angles can be displayed. The graphs can be displayed in a Figure 9 : A matrix of scattered plots for the distributions and correlations of virtual bond and torsion angles τ 1 -β-τ 2 . The plots show the distribution and correlation graphs for the virtual bond and torsion angles τ 1 -β-τ 2 for residues ARG, Any, ALA, GLU, and Any. The matrix of plots is 3 by 3. The graph in each is defined as follows: Square(1,1) = distribution of virtual torsion angle τ 1 ; Square(2,2) = distribution of virtual bond angle β; Square(3,3) = distribution of virtual torsion angle τ 2 ; Square(1,2) = correlation between τ 1 and β; Square(1,3) = correlation between τ 1 and τ 2 ; Square(2,3) = correlation between β and τ 2 . Figure 10 : scattered plot of virtual bond and torsion angles. This snapshot shows the density distribution of the τ 1 -β-τ 2 angle sequence in a τ 1 -β-τ 2 space for a residue sequence ARG, Any, ALA, GLU and Any. A lowess approximation to the distribution is also plotted. matrix of plots, as shown in Fig. 9 . The density distribution of τ 1 -β-τ 2 can also be displayed as a 3D plot in the τ 1 -β-τ 2 space as shown Fig. 10 .
F. Structural Analysis -Computation of Statistical Potentials
One of important functions of P.R.E.S.S. is to evaluate the statistical potentials on the virtual bonds or virtual bond angles for a given structure (Fig. 11) . The potentials are defined in terms of the statistical distributions of the virtual bond lengths and virtual bond angles. The virtual bond length potential can be evaluated for every neighboring pair Figure 11 : Virtual bond length potentials. A window is popped out for the user to upload the structural file. The system can then evaluate the virtual bond length potential for each neighboring pair of residues in the protein sequence and display the distribution of the potential energy over the residue sequence.
of residues of the given structure. Therefore, the distribution of the potential energy along the residue sequence of the structure can be obtained and displayed to show how flexible the virtual bonds are along the sequence. The higher the potential energy is for a specific bond, the lower the probability of the bond length is in the distribution of the bond length in known proteins, and hence the more deviated it must be from its average value the bond length (Fig. 12) . The virtual bond angle potential can be evaluated for every sequence of three residues of the given structure as well. The distribution of the potential energy along the residue sequence of the structure can also be obtained and displayed to show how flexible the virtual bond angles are along the sequence. It has the same property as that for the bond length energy for structural evaluation (Fig. 13) .
G. Structural Analysis -Residue Angle-Angle Correlation Plots
One of the most important functions of P.R.E.S.S. is that it can evaluate the correlations of the virtual bond and torsion angles and display a residue-level Ramachandran-like plot for a given structure. Two of the angle-angle correlation plots are proven to be expecially valuable. One is the α-τ correlation plot or the AT-plot for short. Another one is the τ -β correlation plot or the TB-plot for short. Given a protein structure, the α-τ or τ -β angle pairs can be computed along the residue sequence for the structure. Each angle pair can be plotted as a dot in the α-τ or τ -β space. The distribution of the dots over the contour of the general α-τ or τ -β density distribution can then be evaluated to show how the angle pairs in the given structure correlated against to their average correlations in known proteins. These plots can be used effectively to differentiate high-quality structures from lowquality structures at the residue level as the Ramachandran Figure 12 : Distributions of virtual bond energies for 1PHY (2.4Å) and 2PHY (1.4Å). The energy levels of the virtual bond lengths of two structures 1PHY and 2PHY are shown in solid lines. The minimal possible energies are plotted as the dashed line. If there is no distribution data for some virtual bond, such as the bond at index 98, the potential function is not defined, and there is a gap in the energy plot for that bond. These two structures are determined with different resolutions for the same protein. The betterresolved structure (2PHY) has lower potential energies in average than the poorly determined one (1PHY). plots for structural evaluation at the atomic level, as shown in Fig. 13 and 14 .
IV. SUMMARY AND DISCUSSION
In this paper, we have reported our recent work for the development of an R package, called P.R.E.S.S., which allows researchers to get access to and manipulate on a large set of statistical data on protein residue-level structural properties such as residue-level virtual bond lengths, virtual bond angles, and virtual torsion angles. We have downloaded and surveyed a large set of high-resolution protein structures, and calculated and documented an important set of their residue-level structural properties in P.R.E.S.S. With P.R.E.S.S., the statistical distributions and correlations of these properties can be queried and displayed. Tools are also provided for modeling and analyzing a given structure in terms of its residue-level structural properties. In particular, new tools for computing residue-level statistical potentials and displaying residue-level Ramachandran-like plots are developed for structural analysis and refinement. We have discussed the principle for the development of P.R.E.S.S. for statistical analysis on protein structures. We have described the system organization and interface of the software, and provided detailed information on how the structural data was collected and documented in P.R.E.S.S., and how all the statistical results were calculated. We have described the major computational and analysis functions of P.R.E.S.S. and demonstrated them in many examples. P.R.E.S.S. will be released in R as an open source software package, with a user-friendly GUI, accessible and executable by a public user in any R environment. The statistical distributions of residuelevel distances and angles in known protein structures provide a valuable source of information for estimating these residue level structural properties of proteins, which are not otherwise accessible experimentally. However, these statistical measures rely upon the quality as well as quantity of the sampled known structures. We have downloaded around one thousand high-quality structures from the PDB, which should be sufficient to obtain reliable statistical estimates of the distributions of virtual bond lengths, virtual bond angles, virtual torsion angles, and some of their correlations, but of course there is the possibility that for some cases of specific residue sequences, the values might deviate from the overall characteristic distributions. In P.R.E.S.S., we have provided information about the size of the data set for each estimate. The useful tool from this study is a residuelevel Ramamchandran-type of plot for correlations between pairs of neighboring virtual bond angles and virtual torsion angles. Several examples have been given in the present paper, but these differ from the atomic-level Ramachandran Plot in an important way, because the density distribution contours of these residue-level angles show relatively larger deviations. Thus their use requires specifying more precisely what density regions should be permitted for high-quality 
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